The characterization and sorption properties of manganese oxide towards Cu(II) and Pb(II) ions from aqueous solution were investigated. Scanning electron microscope (SEM), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and infrared (IR) analyses were used to characterize the manganese oxide.
INTRODUCTION
Manganese oxides are one of the most important scavengers of aqueous trace metals in soil, sediments and rocks because of their apparent dominant adsorptive behaviour. In the presence of water, the surfaces of manganese oxides are covered with surface hydroxyl groups, protons and coordinated water molecules. Such surfaces have large surface areas, a microporous structure, high pH-dependent surface charges and a large number of binding sites. As a consequence, they have a significant impact on contaminant mobility (Jenne 1968; Coughlin and Stone 1995) , providing an efficient scavenging pathway for heavy metal ions in toxic systems.
The surface charge on manganese oxides is usually negative, and they therefore exhibit a high sorption capacity towards heavy metal ions (Birsen and Timothy 2003; Catts and Langmuir 1986; Fu et al. 1991) . As a result, they influence and even control the concentration, species and chemical behaviours of heavy metals in soil, sediments and water (McKenzie 1989) . For this reason, manganese oxides can be used as adsorbents to remove heavy metal ions from wastewater. Excessive concentrations of heavy metal ions in soil and aquatic systems can cause serious environmental problems; hence an understanding of the adsorption behaviours and mechanisms of heavy metal ions by manganese oxide is of vital importance for the maintenance and improvement of terrestrial and aquatic ecosystems.
The research described herein was designed to investigate the characteristics of manganese oxide and to test the properties of manganese oxide as an adsorbent for removing Cu(II) and Pb(II) ions from synthetic solutions via a batch system. SEM/EDAX, FT-IR, XRD and XPS analyses were employed to examine the adsorption properties of Cu(II) and Pb(II) ions onto manganese oxide from aqueous solution. The data relating to the adsorption capacities of manganese oxide in single component systems were examined using the Langmuir isotherm equation. The effect of solution temperature on the kinetics of metal ion removal from solution using manganese oxides was also studied. Furthermore, the competitive effects between Cu(II) and Pb(II) ions on the adsorption capacity in binary component systems were examined and the results compared with the non-competitive data.
MATERIALS AND METHODS

Materials
Manganese oxide was synthesized using the method reported by McKenzie (1971) . Thus, 2 mol of conc. HCl was added dropwise over a 30 min period into a boiling solution of 0.4 mol KMnO 4 in 1000 mᐉ of de-ionized (DI) water. A dark brown precipitate formed immediately, following which the solution was stirred continuously for 40 min. The suspension was then allowed to settle for 60 min without stirring, the excess supernatant removed and the concentrated suspension transferred to glass centrifuge tubes and centrifuged for 10 min. The supernatant thereby removed was decanted. The residue remaining was then washed several times with distilled water until the pH of supernatant liquor was 7.0. The suspension was dried at 373 K for 120 min and stored in a polypropylene bottle for subsequent use.
All chemicals and reagents used for experiments and analyses were of analytical grade. Stock solutions of Cu(II) and Pb(II) ions of 2000 mg/ᐉ concentration were prepared from Cu(NO 3 ) 2 and Pb(NO 3 ) 2 using distilled, de-ionized water containing a few drops of concentrated HNO 3 to prevent the precipitation of the corresponding Cu(II) and Pb(II) hydroxides as a result of hydrolysis. The initial pH of the working solutions was adjusted to 4.0 by the addition of HNO 3 or NaOH solution, except in the experiments employed to examine the effect of pH.
Mineral identification
The surface structure of manganese oxide was analyzed by scanning electron microscopy (ESCA -3600 Shimadzu; SEM -JEOL 6335F). The elemental concentration distribution of the solid sample was analyzed using SEM/EDAX mapping analysis (SEM -JEOL-6301; EDX -Oxford Instruments, Japan). The existence of Cu(II) and Pb(II) ions on the surface of manganese oxide was also confirmed by using EDAX. X-Ray diffraction studies were carried out to identify the structure of the manganese oxide employing a PW 3040-MPD XRD instrument (Philips Electronic Instruments Co.). Samples of clean manganese oxide and of manganese oxide with adsorbed Cu(II)/Pb(II) ions were analyzed by X-ray photoelectron spectroscopy (XPS) (ESCA 3600 -Shimadzu). IR spectral analysis was employed to confirm changes in the functional groups on the manganese oxide surface before and after the adsorption of Cu(II) and Pb(II) ions. The IR spectra of the samples were taken on a Perkin-Elmer IR spectrometer (PE-1710 FT-IR).
Adsorption study methods
Batch sorption experiments were undertaken by shaking flasks containing the appropriate solutions and adsorbent at 120 rpm for a known period of time employing a mechanical shaker in conjunction with a water bath. Various other salt solutions, as detailed below, were provided for studies of the effect of the ionic strength. The concentration of free metal ions was analyzed using a flame atomic absorption spectrometer (AAS) (Analyst 300, Perkin-Elmer).
The amount of Cu(II) and Pb(II) ions adsorbed per g manganese oxide was calculated using the following expression:
(1)
where q e (mmol/g) is the amount of metal ions adsorbed onto the manganese oxide at equilibrium, C 0 and C are the concentrations of metal ions in the solution (mmol/ᐉ) prior to and after adsorption, V is the volume of the aqueous phase (ᐉ) and m is the dry weight of the sorbent (g).
Effect of contact time and temperature on Cu(II) and Pb(II) ion adsorption
For these experiments, which were conducted at 290 K, an aqueous solution containing 0.20 g/ᐉ manganese oxide at pH 4.0 was added to 20 mᐉ of aqueous solutions containing 0.316 mmol/ᐉ Cu(II) ions or 0.392 mmol/ᐉ Pb(II) ions, respectively. In each case, the adsorbent and the corresponding metal ion solution were separated at pre-determined time intervals, filtered and the concentration of the residual metal ion in the supernatant measured. The same experiments were also performed at 303 K and 318 K, respectively.
Effect of manganese oxide dosage
Batch sorption tests were undertaken at 290 K employing different manganese oxide dosages within the range 0.1-0.4 g/ᐉ at an initial pH value of 4.0 for a contact time of 120 min. The initial concentrations of Cu(II) and Pb(II) ions employed were 0.161 mmol/ᐉ and 0.398 mmol/ᐉ, respectively.
Effect of pH
The effect of pH on the adsorption capacity of manganese oxide was investigated using Cu(II) and Pb(II) ion solutions of initial concentration 0.315 mmol/ᐉ and 0.392 mmol/ᐉ, respectively, at 290 K and varying the initial pH values within the range 1.5-6.5. For such experiments, a 0.20 g/ᐉ solution of manganese oxide was added to 20 mᐉ of the corresponding Cu(II) or Pb(II) ion solutions. Experiments could not be performed at pH values higher than 6.5 due to hydrolysis of the heavy metal ions.
. Effect of salt concentration on the adsorption of Cu(II) and Pb(II) ions
In these experiments, NaNO 3 , Ca(NO 3 ) 2 and Mg(NO 3 ) 2 solutions with concentrations in the range 0-0.2 mol/ᐉ were employed together with Cu(II) and Pb(II) ion solutions of initial concentration 0.315 mmol/ᐉ and 0.386 mmol/ᐉ, respectively, for a contact time of 120 min at 293 K.
Effect of initial concentration of Cu(II) and Pb(II) ions on the temperature-dependent adsorption
Equilibrium sorption experiments were carried out at a pH value of 4.0 employing Cu(II) and Pb(II) ion solutions with initial concentrations within the range 0.157-1.57 mmol/ᐉ for Cu(II) ions and within the range 0.290-1.61 mmol/ᐉ for Pb(II) ions, respectively, at 290, 303 and 318 K. After 120 min, the mixtures were centrifuged and the corresponding supernatants collected. The concentrations of metal ions in the supernatants were measured.
Competitive adsorption in the Cu/Pb system
To study such competitive adsorption at 290 K, a series of solutions was first constructed in which the initial concentration of Cu(II) ions was fixed at 0.315 mmol/ᐉ or 0.629 mmol/ᐉ, whereas the concentration of Pb(II) ions was varied from 0.154 mmol/ᐉ to 1.61 mmol/ᐉ, respectively. Subsequently, another series of binary solutions was prepared in which the initial concentration of Pb(II) ions was maintained constant at 0.386 mmol/ᐉ or 0.792 mmol/ᐉ and the concentration of Cu(II) ions varied from 0.154 mmol/ᐉ to 1.544 mmol/ᐉ.
RESULTS AND DISCUSSION
Characteristics of manganese oxide
SEM photographs were taken at 10 000× magnification to study the surface morphology of the prepared manganese oxide. As shown in Figure 1 , most particles of the manganese oxide sample were spherical with diameters in the range 0.2-0.3 µm. These spherical particles appeared smooth and uniform in size. The corresponding SEM photographs for manganese oxide with adsorbed , respectively. From a comparison of the images shown in this figure, there were no obvious differences between free manganese oxide and the metal ion-loaded manganese oxide. The mineralogy of the manganese oxide sample was investigated via X-ray diffraction methods. For a crystalline oxide sample, the X-ray diffraction pattern will display interference effects. However, if the sample is an amorphous material, no peaks will be apparent in the X-ray diffraction spectrum. The X-ray diffraction patterns for manganese oxides prepared at different temperatures are depicted in Figure 3 . For the sample prepared at 373 K, the absence of distinct peaks in the X-ray diffraction pattern reveals that the manganese oxide was amorphous. The same was true of the sample obtained at 673 K. However, when the manganese oxide sample was calcined at 923 K, the X-ray diffraction pattern exhibited strong peaks at 2θ = 17.7 o , 25.4 o , 28.46 o , 37.28 o , 64.9 o and 68.2 o , respectively, which corresponded well with the X-ray diffraction pattern of birnessite. As shown in Figure 3 , relatively strong peaks also occurred at 2θ = 41.7 o , 56 o and 59.9 o , which showed that the samples also contained MnO 1.88 . These results led to the conclusion that the structure of the manganese oxide sample changed from amorphous to birnessite when the calcination temperature was increased from 373 K to 923 K. Infrared analysis can also provide very useful supplementary information when X-ray identification is difficult because of the presence of an amorphous structure. The IR spectrum for the as-prepared manganese oxide sample is depicted in Figure 4 (a) while the spectra of the samples with adsorbed Cu(II) and Pb(II) ions are shown in Figure 4 (b). As shown in Figure 4 (a), four bands occurred in the 400-4000 cm -1 region of the spectrum. The band at 1640 cm -1 may be attributed to an H 2 O vibration, with the intensity of the band indicated that the major species involved was the H 2 O molecule (Liu et al. 2001) . The broad and strong band in the spectrum at ca. 3417 cm -1 , together with a relatively sharp band at ca. 1640 cm -1 , corresponds to the stretching and bending vibrations of the -OH group in the H 2 O molecule. The presence of a broad band in the 3000-3600 cm -1 region of the spectrum provides an indication that the hydroxyl group may also exist in the manganese oxide structure (Liu et al. 2001) . Hydroxyl groups provide active surface sites for adsorption or ion-exchange processes and hence the IR spectra provide additional evidence that, as-prepared, the manganese oxide was amorphous as deduced from the XRD spectra. The peak located at 516 cm -1 in the IR spectrum is characteristic of the stretching vibration of Mn-O and can be matched with a similar peak in the IR spectrum of birnessite (Kim et al. 2002) . From a comparison of the IR spectra of the manganese oxide sample before and after the adsorption of Cu(II) or Pb(II) ions, it will be seen that the principal change in both spectra occurred in the stretching vibration of Mn-O, which shifted from 516 cm -1 to 533 cm -1 for Cu(II) ions and from 516 cm -1 to 545 cm -1 for Pb(II) ions, respectively.
X-Ray photoelectron spectroscopy (XPS) analysis
Further characterization of as-prepared manganese oxide and after the adsorption of Cu(II) or Pb(II) ions was undertaken employing XPS methods. Figure 5 presents the XPS spectrum of a manganese oxide sample employing a full scan up to a binding energy of 1100 eV. The existence of both manganese and oxygen in the sample is demonstrated by the strong peaks for manganese at ca. 641.9 eV and for oxygen at ca. 529.3 eV. The corresponding spectrum for binding energies in the range 635-665 eV is shown in Figure 6 while the spectrum for binding energies within the range 523-543 eV is shown in Figure 7 (a). This latter spectrum shows the binding energies observed for the photoelectron peaks of O 1s. The main peak at 529.3 eV may be related to O 2anions bound to the metal cations in the structure and corresponds well with data reported in the literature (Katsoyiannis and Zouboulis 2004) . Another peak at 531.5 eV may be assigned to surface-adsorbed oxygen in the form of OHions (Katsoyiannis and Zouboulis 2004) . Due to the multiple valence states exhibited by the Mn atom, manganese oxides are generally expressed by the chemical formula MnO x , with x ranging from 2 to 4. For this reason, it is necessary to measure the average oxidation state for a manganese oxide sample, which can be deduced from the XPS peaks for manganese. Thus, in Figure 6 , the peak for Mn 2p 3/2 at 641.9 eV and that for Mn 2p 1/2 at 653.5 eV indicate that the manganese atoms in the as-prepared sample exhibited an average oxidation state between those for Mn 3+ and Mn 4+ , respectively. The fact that the Mn 2p 3/2 peak was higher indicates that Mn 4+ ions were dominant in the sample (Wagner et al. 1979) . This result also corresponds with that observed in X-ray diffraction analysis. Figure 8(a) shows that the XPS spectrum of the manganese sample after the adsorption of Cu(II) ions exhibited the binding energies for the observed photoelectron peaks of Cu 2p 3/2 and Cu 2p 1/2 . The fact that the binding energy of the Cu 2p 3/2 peak occurred at 933.9 eV indicates copper in the +2 oxidation state in this sample. The XPS spectra obtained after the adsorption of Pb(II) ions onto manganese oxide is presented in Figure 8(b) . This figure shows the presence of doublets characteristic of lead at 138.3 eV (assigned to Pb 4f 7/2 ) and at 143.8 eV (assigned to Pb 4f 5/2 ), respectively, in the spectrum after loading the manganese oxide with Pb(II) ions from aqueous solution. The peak observed at 138.3 eV agrees with the 138.0 eV value reported for PbO (Taty-Costodes et al. 2003) and supports the attachment of Pb(II) ions onto the manganese oxide surface. The atomic concentration of oxygen in the sample decreased after the adsorption of Pb(II) ions, indicating that such adsorption is accompanied by a change in the oxygen binding and providing evidence that oxygen atoms take part in the adsorption process. The oxygen peak was shifted from 531.5 eV to 533.6 eV after the adsorption of Pb(II) ions. Since the surface of the manganese oxide would be covered with a layer of Pb(OH) 2 after adsorption this is not unexpected and suggests that the oxygen atom of the manganese oxide, interacted with the Pb(II) ions.
SEM/EDAX analysis
The association of Cu(II) and Pb(II) ions with the manganese oxide surface during adsorption was also detected by energy dispersive X-ray spectrometry (EDAX) using a standard-less qualitative EDAX analytical technique. However, such analysis only yields indirect evidence for this process. Thus, if changes occur in the elemental composition of a manganese oxide sample after its contact with either Cu(II) or Pb(II) ions, it may be inferred that chemical interaction has occurred between the adsorbate and the adsorbent. From Figures 9(a) and (b), it can be seen that both Cu(II) and Pb(II) appear as a single element in the spectrum of the solid sample after adsorption, indicating that both ions were chemisorbed onto the surface of the manganese oxide sample.
A qualitative estimation of the abundance of elements in a given sample can also be obtained from EDAX dot mapping methods, where the brightness of a given spot represents the content of a particular element in the sample. The elemental distribution mappings for samples of asprepared manganese oxide and for manganese oxide with adsorbed Cu(II) and Pb(II) ions are depicted in Figures 10(a) and (b), respectively, from which it is seen that the Cu(II) and Pb(II) ions were spread over the surfaces of the respective manganese oxide samples.
Effect of contact time and temperature on Cu(II) and Pb(II) adsorption
The effect of contact time and temperature on the adsorption of Cu(II) and Pb(II) ions onto manganese oxide is illustrated in Figure 11 . The plots depicted show that the adsorption kinetics of Cu(II) and Pb(II) ions onto manganese oxide consisted of two phases, viz. an initial phase where the adsorption was fast and contributed significantly to the equilibrium uptake, and a slower second phase whose contribution to the total metal ion adsorption was relatively small. Almost 90% of the total adsorption of both Cu(II) and Pb(II) ions occurred within 20 min. After 120 min, there was no noticeable change in the adsorption capacity of manganese oxide towards either Cu(II) or Pb(II) ions. As a consequence, 120 min was chosen as the time necessary to attain pseudo-equilibrium in the present "equilibrium" adsorption experiments. It can also be seen from Figure 11 that an increase in temperature from 290 K to 318 K led to an increase in the adsorption capacity, q t , from 1.11 mmol/g to 1.18 mmol/g for Cu(II) ions and from 1.52 mmol/g to 1.78 mmol/g for Pb(II) ions. Figure 12 shows plots of the adsorptive capacity (q e ) and the percentage adsorption of Cu(II) and Pb(II) ions onto manganese oxide expressed in terms of the dosage of manganese oxide employed (g/ᐉ). It will be observed from the figure that the percentage adsorption of Cu(II) and Pb(II) ions increased, respectively, from 64% to 98% and from 59% to 99% as the manganese oxide dosage increased from 0.1 g/ᐉ to 0.4 g/ᐉ. This may be attributed to the availability of an increasing number of binding sites for adsorption as the dosage increased. However, the adsorption capacity (q e ) of manganese oxide showed the opposite trend. On increasing the manganese oxide dosage from 0.1 g/ᐉ to 0.4 g/ᐉ, the adsorption capacity of manganese oxide decreased from 1.99 mmol/g to 0.77 mmol/g for Cu(II) ions and from 2.27 mmol/g to 0.96 mmol/g for Pb(II) ions, respectively. The primary factor for such a decrease is that, although the number of adsorption sites increased on increasing the adsorbent dosage, more adsorption sites remained unsaturated during the adsorption process. A similar effect has been reported previously by Waranusantigul et al. (2003) . 
Effect of manganese oxide dosage on the adsorption of Cu(II) and Pb(II) ions
Effect of pH on the adsorption of Cu(II) and Pb(II) ions
The initial pH value is an important factor in metal ion sorption as it influences both the surface chemistry of the manganese oxide adsorbent as well as the solution chemistry of the Cu(II) and Pb(II) ions. The surface groups of manganese oxide are amphoteric, i.e. they can function both as an acid and a base (Davies and Morgan 1989). Hence, the oxide surface can undergo protonation and/or deprotonation depending on the value of the pH of the solution. As shown in Figure 13 , the uptake of Cu(II) and Pb(II) ions increased as the pH of the aqueous phase increased. At lower pH values, the fact that only small amounts of Cu(II) and Pb(II) ions were adsorbed may be attributed to competitive adsorption between H + ions and the corresponding metal ions for the exchange sites available in the system. Increasing the pH led to an increase in the negative charge density on the manganese oxide surface due to deprotonation of the surface sites, thereby increasing the extent of metal ion adsorption. It should be noted that, after the adsorption of the corresponding metal ions by manganese oxide, the pH value of the final solution was lower than that of the initial solution. These results indicate that the mechanism for the adsorption onto manganese oxide involved an exchange reaction between Cu 2+ or Pb 2+ ions and H + ions located on the adsorbent surface with the corresponding formation of a surface-ion complex.
Effect of ionic strength on the adsorption of Cu(II) and Pb(II) ions
The results obtained for the adsorption of Cu(II) and Pb(II) ions onto a manganese oxide surface in the presence of NaNO 3 , Mg(NO 3 ) 2 or Ca(NO 3 ) 2 are depicted in Figure 14 . It was seen that, irrespective of the nature of the salt, an increase in its concentration resulted in a decrease in the values of q e and the percentage adsorption for both ions studied. This trend indicates that the binding efficiency decreased when the salt concentration in the metal ion solution increased, which may be attributed to competitive adsorption between the Cu(II) and Pb(II) ions and the salt cations for the sites available on the adsorbent surface. Another factor was that increasing the salt concentration led to an increase in the ionic strength of the solution, so that the effective concentration (or activity) of the Cu(II) and Pb(II) ions in the solution decreased. Because of their greater positive charge, Ca 2+ and Mg 2+ ions make a greater contribution to the ionic strength than Na + ions, leading to a greater influence by these ions on the adsorption process than Na + ions at the same molar concentration ). However, even at a salt concentration of 0.4 mol/ᐉ, the adsorbent exhibited a higher removal efficiency than in its absence, suggesting that the use of manganese oxide as an adsorbent at higher salt concentrations would decrease the efficiency of the removal of Cu(II) and Pb(II) ions from aqueous solution. 
Effect of the initial concentrations of Cu(II) and Pb(II) ions on their temperaturedependent adsorption from aqueous solution
The effect of the initial concentrations of Cu(II) and Pb(II) ions in aqueous solution on their equilibrium adsorption values at different temperatures is shown in Figure 15 . As seen from this figure, the equilibrium uptakes of both Cu(II) and Pb(II) ions increased as the initial concentrations of these ions in the system increased over the range of experimental concentrations studied. In addition, the adsorptive capacity of manganese oxide towards Cu(II) and Pb(II) ions increased with increasing temperature. This increase in the equilibrium uptake with increasing temperature indicates that the adsorption of both Cu(II) and Pb(II) ions was endothermic in nature, suggesting the possibility that the adsorption process may be chemical in nature .
A better understanding of the adsorption process may be obtained by employing equilibrium adsorption isotherms to analyze the data obtained. For this purpose, the equilibrium adsorption constant and the maximum adsorption capacity were computed via the Langmuir equation employed in the form: C e /q e = 1/(K L q max ) + C e /q max (2) where q max (mmol/g) is the maximum adsorption capacity, K L (ᐉ/mmol) is the equilibrium adsorption constant, C e (mmol/ᐉ) is the equilibrium metal ion concentration and q e (mmol/g) is the adsorption equilibrium capacity of the adsorbent for metal ions. A comparison of the experimental data (q e exp. ) and the theoretical data (q e theor. ) derived from equation (2) is given in Table 1 while Figure 15 shows a similar comparison between the experimental Cu(II) ion adsorption equilibrium capacity, q e , and the theoretical equilibrium metal ion concentration, C e , as deduced from equation (2). The maximum adsorption capacity (q max ) values of manganese oxide towards Cu(II) and Pb(II) ions were 1.71 mmol/g and 2.02 mmol/g, respectively, at 318 K, with a slight increase being observed with increasing adsorption temperature. The equilibrium adsorption constant (K L ) also increased with increasing temperature, indicating that the affinity of manganese oxide towards Cu(II) and Pb(II) ions increased as the adsorption temperature increased. Both the values of q e theor. as obtained from the Langmuir isotherm equation and of q e as obtained from the experimental data were greater for Pb(II) ion adsorption than for Cu(II) ion adsorption at all temperatures, indicated that the functional groups on the surface of the manganese oxide had a relatively stronger affinity towards Pb(II) ions than Cu(II) ions.
Competitive adsorption in the Cu(II)/Pb(II) ion system
The effect of different levels of Pb(II) ions on the adsorption uptake of Cu(II) ions is demonstrated by the data depicted in Figure 16 , which shows a comparison between the experimental Cu(II) ion Similarly, the converse effect of Cu(II) ions on the adsorption uptake of Pb(II) ions by manganese oxide is also depicted in the figure.
It will be seen from Figure 16 that a significant reduction in the Cu(II) ion uptake occurred even at relatively low Pb(II) ion concentrations. The adsorption capacity of manganese oxide towards Cu(II) ions decreased from 1.38 mmol/g to 0.13 mmol/g as the Pb(II) ion content of the system was increased, with a corresponding reduction in the maximum adsorption efficiency to 9.42% when Pb(II) ions were present in the solution. In contrast, only a slight reduction in the Pb(II) ion uptake was observed even at relatively high Cu(II) concentrations. Thus, the value of the Pb(II) ion uptake decreased from 1.81 mmol/g to only 1.66 mmol/g, i.e. 91% of its original value, when a 0.792 mmol/ᐉ Cu(II) ion concentration was present in the solution. This shows that Pb(II) ions had a much stronger affinity towards manganese oxide than Cu(II) ions. As a result, the addition of stronger binding metal ions, such as Pb(II), could weaken the chemical bonds between the surface functional groups and weaker metal ions, such as Cu(II). Thus, the adsorption affinity of the tested metal ions was Pb(II) > Cu(II), which is the same as that observed under non-competitive conditions. This observation is in agreement with that reported earlier by McKenzie (1980) .
CONCLUSIONS
This study reports the preparation of manganese oxide and its characterization by powder X-ray diffraction methods and FT-IR spectroscopy. The adsorption potential of the manganese oxide towards the removal of Cu(II) and Pb(II) ions from aqueous systems was examined. SEM/EDAX analyses provided evidence for the specify adsorption of such metal ions onto the surface of the manganese oxide.
The data obtained from the present study clearly show that manganese oxide is an effective adsorbent for the removal of Cu(II) and Pb(II) ions from aqueous solution. In both cases, the adsorption process was endothermic and involved chemical sorption. The adsorption affinity of the tested metal ions from a binary system was Pb(II) > Cu(II), being the same as that observed under non-competitive conditions.
